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boards  in  order  to  obtain  data  for  the  preparation  of  a 
three  services  coordinated  military  specification  which  will 
provide  sufficient  physical^  mechanical  and  electrical 
properties  to  assure  satisfactory  performance  of  printed 
circuit  assemblies  over  long  storage  periods  and  under  high 
humidity  conditions. 

Phase  B;  Investigate  a  method  of  removing  the  coating  from 
the  board  to  permit  replacement  of  parts  when  necessary 
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Phase  C;  Evaluate^  for  possible  upgrading  purposes,  allow¬ 
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PURPOSE 


PHASE  A  The  purpose  of  this  project  is  to  evaluate  commercially  available 
conformal  coating  ma.terials  used  as  protective  coatings  on  printed 
circuit  boards  in  order  to  obtain  data  for  the  preparation  of  a 
three  services  coordinated  military  specification  which  will 
provide  sufficient  physical,  mechanical,  and  electrical  properties 
to  assure  satisfactory  performance  of  printed  circuit  assemblies 
over  long  storage  periods  and  under  high  humidity  conditions. 

In  this  report,  the  stages  are  defined  as  follows;- 

Stage  A 


Investigation  of  epoxy  resin  conformal  coatings  on  XXXP 
glass-epoxy  and  paper-eooxy  copper  clad  laminate  series 
specified  in  MIl-.P-139l;9B  and  PR  &  C  6l-SIMSA-Ii82 . 

Task  1  Two-part  epoxy  resin  coating  systems 

Part  1  Characteristics  of  epoxy  resin  coatings 
studied. 

Part  2  Curing  Schedule. 

Task  2  Test  P^lnels  used. 

Task  3  Precoating  Preparation  of  Surface 

Part  1  Cleaning. 

Part  2  Soldering. 

Task  It  Method  of  Coating  Application 

Task  5  Physi-"  1  and  Electrical  Properties  of 
Epoxy  Resin  Coating  Systems. 

Part  1  Ar'.rxsarance  and  Adhesion. 

Part  2  Thickness  measurements. 

Part  3  Dielectric  Constant  and  Dissipation  Factor 

of  disc  specimens. 

Part  U  Dissipation  Factor  and  Q-Factor  of  coated 
test  nanels. 

Part  3  Dielectric  VJithstanding  Voltage  (initial).. 

!^art  6  Therr.-Hil  cycling. 

Part  7  Dielectric  Witliatand ing  Voltage  (after  thermal 
cycling). 


RIRPOSE 


(CONTINUED) 

Part  8  Insulation  resistance  and  appearance  under 
moisture  conditions* 

Part  9  Dielectric  Withstanding  Voltage  (after  moisture 
test)  * 

Part  10  Abrasion  Resistance* 

Part  11  Ruggedization* 

Part  12  Flexibility. 


Stage  B. 


Investigation  of  polyuretliane  resin  conformal  coatings  on  XXXP 
and  glass-opoxy,  copper-^clad  laminate  series  specified  in 
MlL^P-13oi49B  and  PR  &  C  6l-SIMSA-h82 . 


Tasks  1  ^  The  same',  as  Stage  A  v^here  application  is  feasible. 

Stage  C. 

Investigation  of  Silicone-based  polymer  coatings  on  glass-epoxy 
and  silicone-glass  copper -clad  laminate  series  specified  in 
MIL-P-139ii9B. 


Stage  D> 


Investigation  of  MII.-V-173  varnishes  on  glass-epcxy,  XXXP  and 
paper-eooxy  laminates  ner  MIL-P-139ii9B. 

Tasks  1^-5  The  same  as  stagte  A  vjhere  application  is  feasible. 


PHASE  B  Investigate  a  method  of  removing  the  coating  from  b^ard  to  permit  replace 
merit  of  parts  v/nen  necessary^  without  imnairing  tl-  funct  onal  operations  of 
the  unit. 

Stage  A . 


Investigation  of  chemical  stripping  of  conformal  coating  as  a  meth.od 
of  repairing  printed  wiring  assembly. 


Stage  B. 


Investigation  of  iriocnanical  strinrdng  of  conformal  coating  as  a  met'>od 
of  repairing  printed  wiring  assembly. 

PHASE  C  Evaluate^  for  possible  upgrading  purposes^  allowable  minimum  spacings  betweci 

conductors  on  coated  an<i  uncoated  boards  as  described  in  paragi-'aphs  of 

MU. -STD-2  7^/U 
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ABSTRACT 


Phase  A 

Stages  C  and  D  -  Investigation  of  silicone  and  MFP  varnish  coatings  on  glass-epoxy j, 

XXXP  and  paper -epoxy  laminates  specified  in  MIL-P^139^9Bo 

Task  5  -  Physical  and  Electrical  Properties  of  Silicone  and  MFP 
varnish  coating  systems > 

Part  ^  -  Initial  Dielectric  v/iths handing  voltage. 

All  silicone  and  MFP  varnish  coated  specimens 
passed  the  dielectric  withstanding  voltage 
tests  specified  in  para*  of  MIL-P-^^SllO* 

Part  6  -  Thermal  cycling* 

VThen  subjected  to  five  cycles  of  the  thermal  cycling 
test  snecified  in  Method  102A  of  MIL-.STD-202,  all 
specimens  passed  without  any  evidence  of  cracking  or 
deterioration  of  the  coating  or  base  materials  <» 

Part  7  -  Dielectric  VJithstanding  volt  age  ^  after  thermal 
cycling* 

All  silicone  and  MFP  varnish  coated  specimens 
passed  the  dielectric  withstanding  voltage  tests 
specified  in  para*  lul-S  of  MIL~P-5[?110o 
Part  8  -  Insulatioa  Resistance^  under  moisture  conditions c 
V/hen  subjected  to  the  humidity  test  snecified  in 
Method  106  of  MIL-STD-POP^  all  silicone  and  MFP 
varnish  vspecimens  passed  the  minimum  resistance 
value  of  1  X  10®  ohms  snecified  in  vSCL6225  after 
ten  cycles  of  humidity <> 
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ABSIRACT 


Phase  A  (continued) 

Part  9  ~  Dielectric  Uithstanciing  Voltage^,  after  moisture  resistance^ 

All  silicone  and  MFP  coated  specimens  passed  the  dielectric 
withstanding  voltage  tests  specified  in  para^  l4.7*8  of 

Phase  B 

Stage  A  -  Investigation  of  chemical  sbrip:]_ing  of  conformal  coating  as  a  method  of 
repairing  printed  •jirlng  ascemhly. 

Twenty  eight  solvents  that  were  recommendcivd  as  strippers  for  epoxy 
and  polyurethane  coatings  were  evaluated.  It  was  found  that  three 
of  these  solvents  effectively  removed  or  softened  the  coating  within 
a  fifteen  minute  period.  It  vms  also  found  that  when  a  recoated  test 
Dattern,  vjhich  was  strinped  vjith  these  solvents  prior  to  recoating, 
was  subjected  to  the  ten  day  moisture  test  specified  in  Method  106A  of 
Mil  STD-202,,  there  was  no  evidence  of  any  great  change  in  the 
insulation  resistance  value  nor  corrosion  of  the  copper  conductors*. 

Stage  B  -  Investigation  of  mechanical  stripping  of  conformal  coating  as  a  method  of 
repairing  printed  wiring  assembly. 

Hot  and  "cool'*  solcjering  iron  techniques  were  evaluated  ^  It  was  found 
that  a  hot  iron  vi!;ose  tip  temperature  is  at  600°F«  chars  and  redenosits 
the  material  on  the  circuitry*  Hovjever,  when  a  "cooler"'  iron,  whose 
tin  temperature  is  at  300^to  )|00°F^  is  used  the  resin  softens  vjhich  then 
can  be  scraped  off  ■^asily*  'dhen  this  technique  was  evaluated  on  a  re- 
coated  test  pattern,  and  subjected  to  a  ten  day  humidity  test  described 
in  Stage  A,  it  was  found  that  there  was  no  evidence  of  any  groat  change 
in  the  insulation  Sf  sistancp  value  nor  any  corrosion  of  the  copper 

^l|,» 


conductors . 


ABSTMCT 


Phase  C 

Evaluate^  for  possible  upgrading  purposes^  allowable  minimum  spacings 
between  conductors  on  coated  and  uncoate d  boards  as  described  in  para . 
of  MIL>-STD>-27gA. 

130  test  patterns >  shown  in  the  Appendix  page  v,  were  fabricated  and 
coated  with  epoxy  and  polyurethane  coatings,  A  circuit  capable  of 
handling  watts  designed  for  each  spacing  and  is  shown  in  the 
Apj^endix,  page  vi.  However^  vjhen  the  test  patterns  were  tested  at  the 
altitude  and  the  voltage  ratings  specified  in  Tables  I  to  IV  of  para, 
5*1*5  of  MIL-STD-275,  it  was  found  that  the  uncoated  and  coated 
specimens  were  capable  of  withstanding  78  watts  without  evidence  of 
deterioration  of  the  base  laminate  or  the  coating.  Breakdown  voltage 
tests  were  performed  on  the  coated  and  uncoated  test  patterns  at 
various  altitudes  and  these  results  are  shown  in  the  Appendix,  pagexii. 


PUBLICATIONS,  LECTHliRES^  REPORTS  AMD  CONFERENCES 


A  conference  trip  was  made  by  A.  Beccasio  and  L.  Nero  to  the 
Signal  Corps,  Fort  Monmouth,  New  Jersey  on  Mcy  8  and  10,  1962 
to  discuss  the  progress  of  the  program  and  also  results  obtained 
in  Quarterly  Report  no.  3- 

On  June  U  and  1962,  Mr.  A.Z.  0’3_ovjski  of  the  Signal  Corps  visited 
our  plant  in  Chicago,  Illinois  to  discuss  and  review  progress  made 
in  Phases  B  and  C  of  the  nrogram. 
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FACTUAL  DATA 


PHASE  A 

Stages  C  and  D  -  Investigation  of  silicone  and  MFP  varnish  on  glass  -  epoxy ^  XXXP  and 
paper  epoxy  laminates  specified  in  MIL-P«*139U9B» 

Task  5  -  Physical  and  Electrical  Properties  of  silicone  and  MFP 
varnish  coating  systems* 

Part  $  -  Initial  Dielectric  withstanding  voltage 

All  dielectric  withstanding  voltage  tests  were 

performed  on  a  Motorola  built  -  Breakdown  tester 

TE-8359  with  output  from  0  to  3000  volts  AC  at  60  cpso 

The  test  specimens  were  electrified  for  one  minute 

at  1000  volts  at  room  temperature • 

Part  6  -  Thermal  cycling 

The  silicone  and  MFP  coated  test  patterns  were 

subjected  to  five  cycles  of  the  temperature 

cycling  test  described  in^Method  102A,  Conde  D 
¥  • 
of  MIL -STD-202. 

Part  7  -  Dielectric  Withstanding  voltage 3  after  thermal  cycling 
The  procedure  described  in  Part  5  of  Task  5  was  follovjed. 
Part  8  -  Insulation  Resistance  under  moisture  conditions 

The  silicone  and  MFP  coated  specimens  were  subjected 
to  10  cycles  of  humidity  specified  in  Method  IO6  of 
MIL-vSTD-202,  During  the  humidity  cycling^  100  volts 
DC  was  applied  continuously  to  each  specimen.  Insul¬ 
ation  resistance  measurements  were  taken  initially on 
a  Keithley  Instruments  6IO  megohra  meter ,  and  after  Lhe 
first,  fourth,  seventh  and  tenth  cycles  in  accordance 
with  Method  301  of  MIL-^STD-202.  Prior  to  measurement, 
the  test  patterns  were  electrified  at  50C  volts  for 
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15  seconds.  Insulation  resistance  measurements 
were  taken  with  the  test  specimens  maintained 
•  at  25^C  and  relative  humidity <.  The 

insulation  resistance  data  is  presented  in  the 
Appendix^  page  vii , 

Part  9  -  Dielectric  withstanding  voltage,  after  moisture  conditions 

The  nrocedure  described  in  Part  5  of  Task  5  was  followed* 

PHASE  B 

Stage  A  «  Investigation  of  chemical  stripping  of  conformal  stripping  of  conformal  coating 
as  a  method  of  repairing  printed  wiring  assembly* 

Twenty  eight  solventvS  and  compounds  that  were  recommended  for  use  as 
strippers  of  epoxy  and  polyurethane  coatings  were  evaluated  as  to  the 
follovjing  parameters:-- 

(1 )  Corrosion  effect  on  copper o 

(2)  Effectiveness  as  a  stripper  of  epoxy  and  polyurethane  coatingSc 
The  procedure  for  determining  these  parameters  is  as  follows: ^ 

(1)  Corrosion  effect  on  copper. 

1  inch  X  3  inch  strips  of  Type  PPjPEjGEjGF  and  GB  copper-clad 
.  laminates  were  dinned  into  the  twenty  eight  solvents*  Prior 

to  diming  into  the  solvents y  the  copper  surface  was  scrubbed 
vjith  rumico  to  remove  oxides  and  residues*  The  copper  clad 
laminates  v?ero  dipped  for  15  minutes  after  which  they  were  allowed 
to  (iry  overnight*  The  laminates  were  then  examined  under  the 
microscope  for  attack  of  cooper  as  well  as  attack  on  the  laminates* 

(2)  Effec tiveuf ss  of  strirning  of  epoxy  and  polyurethane  coatings* 

A  fovj  drops  of  the  strinpers  were  nlaced  on  coated  epoxy  and 
polyurrdliano  sr^clmons.  After  15  and  30  minutes  the  coating 
was  oxamin  d  for  attack- 


The  data  from  thivS  investigation  appears  on  the  Appendix,  p.x. 
In  order  to  determine  the  effect  of  humidity  o.  chemical 
removal,  the  following  procedure  wa^  used: 


NOTE: 


(x)  ^pply  the  tripper  to  the  test  pattern  with  an  eye  dropper 
and  let  stand  for  approximately  fifteen  minutes, 

(2)  Use  the  knife  end  of  a  soldering  aid  tool  and  gently 
scrape  off  the  uplifted  coating, 

(3)  Rinse  the  remaining  stripper  from  the  test  pattern  in  cold 
running  water  using  a  soft  hand  brush  on  the  board  to 
ensure  thorough  removal* 

(U)  Dry  test  pattern  using  clean,  filtered  compressed  air* 

(^)  In  some  of  the  test  patterns,  after  the  coating  was  removed 
the  circuitry  and  surrounding  laminate  was  sanded  with  a 

S’ 

fine  grade  of  emory  paper  to  better  the  adhesion  of  the 
recoat  coating. 

(6)  aecoak  board  to  evaluate  compatibility  of  coatings  in  the 
recont  ooeration,  the  following  combinations  were  tested: 


(a)  epoxy  on  epoxy 

(b)  epoxy  on  polyurethane 

(c)  nolyur ethane  on  epoxy 

(d)  polyurethane  on  polyurethane 

(e)  silicone  on  epoxy 

(f)  silicone  on  polyurethane 


•ALL  TEST  '"•.TTbICiS  USED  'iERE  COATED  AT  LEAST  SIX  MONTHS  PRIOR  TO 


EVALUATING 


All  recoated  boards  were 


allovjed  to  stand  at  room  tomnerature  for  seven  days  prior  to 
subjecting  them  to  the  humidity  test  described  in  part  8  of 
Task  Insulation  resistance  measurements  were  also  taken 
during  this  test  using  the  same  procedure  described  in  part  8  of 


lasK  p. 


i  Mxs  i/ri  IS  I  resented  in  the  Appendix,  yiH 


stage  B  -  Invar^tigatlon  of  mechanic;al  stripping  of  conformal  coating  as  a  method 
of  repairing  iprinted  wiring  nsaembly;. 

The  only  technique  investigated  nas  the  use  of  a  soldering  iron*  In  order 
to  determine  \jhi\t  tin  tenirerature  is  necessary  to  effect  complete  removal 
of  tl  coating,  the  follovjing  procedure  was  follovjed: 

The  temperature  of  the  soldering  iron  tip  was  controlled  by  adjusting  the 
input  voltage  vjith  a  povjerstat  or  Variac*  The  tip  temperature  was  measured 
with  a  Leeds  and  Northrun  rotentiometer  to  v;hich  an  iron  -  constantin 
thermocouple  was  silver  soldered  to  the  tip  of  the  soldering  iron.  The 
effectiveness  of  removal  of  the  coating  was  evaluated  from  lOO^F  to  600^F 
in  increments.  The  technique  developed  consists  of  holding  the 

soldering  i^on  at  about  angle  from  the  coated  b-.  ard  and  using  it  as 
a  chisel  to  shave  off  the  coating.  This  operation  was  repea tec  until 
all  the  coating  was  removed.  The  test  pattern  was  then  recoated,  using 
the  technique  described  in  Stage  A  of  Phase  B.  The  recoated  boards  were 
then  subjected  to  the  same  humidity  test  described  also  in  part  8  of 
Task  ^  of  Phase  A.  The  insulation  resistance  data  is  presented  in  the 
Appendix,  page  xvi  and  the  effect  of  soldering  iron  temperature  on  the 
removal  of  the  conformal  coating  is  presented  in  the  Appendix,  page  ix. 

PliASE  C 

Evaluate,  for  possibl^j  upgracUng  purposes,  allowable  minimum  spacings  BETVJELN 
conductors  on  coated  and  uncoated  boards  as  described  in  paragraph  ^.1.5  of 
HIL^STD>27$A. 

A  test  pattern  having  five  different  spacings  was  developed.  This  test 
pattern  had  th(;  following  snacings.  0.022,  C,""26,  0.062,  0.125  and  0.250 
inches.  A  sketch  of  the  test  pattern  is  shown  in  the  Appendix,  page  v. 

In  order  to  more  closely  evaluate  the  maximum  power  requirements  (described 

in  paragraph  5.1.5  of  MIL-STD--275A>  a  test  circuit,  capable  of  handling 
50  watts,  was  developed  arui  is  shown  in  the  Apreridix,  page  vi. 
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Stages  C  and 


The  approved  epoxy  and  polyurethane  coatings  were  coated  on  'Type  PP^ 

PE,  GF,(}E,  AND  GD  laminates.  For  each  tno  coated  specimens,  two 
uncoated  test  patterns  vjere  run  as  coi  *  ols. 

The  coated  and  uncoated  specimens  were  placed  in  an  altitude  chamber 
and  the  povjer  applied  tc  each  sracing*  Uncoated  specimenvS  were  evaluated 
at  1C, 000  feet  whereavS  the  coated  specimens  were  evaluated  at  50,000 
feet.  Prior  to  applying  the  maximum  voltages  and  power  specified  in 
Tables  I  thru  IV  of  KIL-STD~275j  insulation  resivstance  measurements  were 
taken.  The  voltage  and  power  requirements  for  each  spacing  was  applied 
to  each  specimen  for  1/2  hour  and  then  insulation  resistance  measurements 
were  again  taken.  This  test  j)roved  fruitless  as  it  was  discovered  that 
the  imcoated  specimens  vjere  capable  of  handling  78  watts  up  to  altitudes 
of  80,000  feet  without  any  evidence  of  breakdowti  as  ‘^•hown  by  no  ^ 

change  in  the  insulation  resistance  value* 

The  test  natterns  were  then  subjected  to  breakdown  tests  at  10,000; 

25^000,  50,000  and  58,000  feet  vjith  the  chamber  temperature  held  at 

room  ambient.  The  results  of  this  test  is  shown  in  the  Apfeiidix,  page  xii . 


CON  CLU  SIGN 
PHASE  A 

i-Investlgation  of  silicone  and  FFP  varnish  coatings  on  glass-epoxy,  XX XP 
and  paper -enoxy  laf.una tes  vspecified  in  MIL-P-139U9B* 

Task  5  -  Physical  and  electrical  propertievS  of  silicone  and  IIFP 
varnish  cocvting  systems. 

Parts  5j7  and  -  jjieloctric  Withstanding  Voltage 

all  siLicmo^  and  hFP  coaterl  test  patterns  passed  this  test 
uIku!  1000  volts  .-.0  was  af^flied  for  one  minute  before  and 
after  tt.ermal  cycling  and  after  moisture  resistance  tests. 
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Fart  6  -  Thermal  cycling 

All  silicone  and  MFP  coated  test  patterns  passed 
five  cycles  of  the  thermal  cycling  test  specified  in 
r-IL^STD-202  without  any  evidence  of  cracking  or 
crazing  of  the  coating. 

Part  8  -  Insulation  resi stance ^  under  moisture  conditions 
All  silicone  and  KFP  coated  test  patterns  passed  the 
minimum  resistance  values  of  1  :  10®  ohms  after  ten 
cycles  of  humidity.  IVhen  examined  visually  at  the  end 
of  the  test  ijjeriod,  no  evidence  of  corrosion  or  discoloration 
of  the  copper  conductors  was  noticed. 

Phase  Fj 

In\csti ^ation  of  chernica.l  tripping  of  conformal  coating  as  a  method  of 
repairing  printed  wiring  assembly. 

Out  of  twenty  eight  solvents  or  strippers  investigated,  three  were  found 
to  strip  the  eroxy  and  noly urethane  coatings  within  a  fifteen  minute  period. 

Standard  statistical  analysis  of  the  insulation  resistance  data  r-vc-  i- 
the  following  conclusions; 

(1 )  Chemical  a  nr!  .-ioolr  n1  (a-l  pol-iu];'  yif!»!c:i  '’MV’ vnla-rit  results. 

(2)  The  effect  of  the  laminate  >-.n6  the  base  conforiiuil  coairng  were: 


negligible. 


I 


I 

(3)  Spoxy  and  polyurethane  coatings  are  compatible  with  one 

another.  The  only  sir, nif leant  difference  was  that  Epoxy  F 
and  Polyurethane  GG  wore  better  than  Epoxy  I, 

(U,  Sanding  of  the  repair  area  nrior  to  recoat  is  better  than  no 

sanding.  This  indicates  that  better  adhesion  of  the  repair  coating 
to  the  base  laminate  ivS  obtained  so  that  a  better  moisture 
barrier  is  f.Tovided, 

(5)  The  insulation  resistance  value  decreases  as  the  number  of  humidity 
cycles  increases. 

Stage  B  In  ^estigation  of  mechanical  stripping  of  conformal  coating  as  a  meth od  of 
repairing  printed  wiring  assembly. 

From  the  methor'  evaluated,  the  following  conclusions  can  be  derived: 

(1)  Best  removal  vjas  obtained  vjhen  soldering  iron  temnerature  was 
3000f  to  37^°F. 

(2)  Smoking  of  the  coating  occurred  at  temperatures  between  F 

and  500°F. 

(3)  Conductor  leads  li Ptori  when  the  soldering  iron  temperature  was 
5ooOf  or  higher, 

VJhen  this  technicue  was  evaluated  on  coated  test  patterns  which  when  recoated 
vjere  subjected  to  ten  dr.ys  of  humidity,  statistical  analysis  of  the  insulation 
resistance  data  revealed  the  same  conclusions  stated  in  Stage  A. 

Phase  C 

Evaluate,  for  poss:Lble  upgrading  purposes,  allowable  minimum  spacings  between 
conductors  on  coated  and  uncoated  boards  as  described  in  paragraph  5,1.5  of 

riCL -STD-2  75a. 

Analysis  of  the  data  shovjn  in  Idie  Aprondix,  Table  IX,  the  follov^ing 
conclusions  can  be  arrived  at: 

(1)  Breakdown  voltages  of  coated  and  uncoated  boards  decrease  with, 
increasing  altitude. 
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(2)  Breakdown  voltage  is  incienenoent  of  laminate  type. 


(3)  No  great  differences  in  the  breakdown  voltages  were 

notc'd  between  epoxy  and  poly  urethane  conforraal  coatings* 

Recommendations  for  Phase  C 

(1)  We  recoroTfiend  that  paragr^iph  5-1.5  of  MIL--STD-275A  be  changed  to  read, 
as  follows:  -  ...  up  to  and  including  75  watts  ...  instead  of  ... 
up  to  and  including  50  watts  *  . . 


PROGRAM  FOR  NEXT  INTERVAL 


(1)  Begin  Phase  D. 

(2)  Study  for  possible  use  as  conformal  coatings  compounds  other 
than  epoxies^  polyurethanes  and  silicones. 

(3)  Begin  study  on  the  effect  of  humidity  (long  term)  vs.  thickness 
of  conformal  coating  on  electrical  properties  of  the  circuit. 


IDENTIFIGATECN  OF  KET  PERSONNEL 


TIME  SPENT  -  HOURS 


Mr.  Anthony  Beccasio  271 

Project  Engineer 

Mr,  Leonard  Nero  3^6 

Statistician  and  Chemist 

Mr.  Arthur  Bethke  26 

Chemist 

Mr.  Ernesto  Colon  8$ 

Technician 

Mr.  Anthony  Miraglio  68 

Technician 

Mr,  Edgar  Wolf gram  8 

Technician 


TOTAL  HOURS  8lh 
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TABLS  II 


COATING  M/>NUFAGTiJIBER5 


This  table  has  been  purposely  omitted. 


ii  &  dil 


1 


000  ■  0,00'j 


,moMiN 

.05(.^MI/lf 


SiPiCBMHN  Y 


YAIM  \n 

IgST  [PANKIS 


r'Vl  ■tfr  - 


■CJ=<[ 


K'  \  .  > 

■ 

i  ■'  / 

I  ^ 


Laminate 

and 

Sample  No. 

Pattern 

Number 

EXXXP 

MFP-1 

1 

2 

3 

control 

,  XXXP 

NFP-l 

1 

1 

2 

3 

control 

GF 

MFP-1 

■ 

1 

2 

3 

control 

GB 

MFP-1 

1 

2 

3 

control 

GE 

MFP-1 

1 

2 

3 

control 

BQCP 

MPp-P 


EXXXP 

MFP-? 


GP 

MFP-2 


GB 

MFP-2 


1 

2 

3 

control 


1 

2 

3 

control 


1 

2 

3 

control 


1 

2 

3 

control 


1 

2 

3 

control 


initial  1st  cycle  !  ^th  cycle  j  7th  cycle  jlGth  cycle 


i;^  X  10^?- 
2.0  X  10^^ 

2.0  X  10^^ 

2.0  X  10^^ 


2.0  X  loll  2.0  X  10' 
2.0  X  loll  3^0  X  10?-1 

2.0  X  10|^  2.0  X  10,\^ 

2.0  X  10^1  2.0  X  10-^-^ 


2.0  X  loll 

2.0  X  loll 
2.0  X  loll 
2.0  X  IqH 


2.0  X  lol-^ 
2.0  X  loll 

2.0  X  18-11 

2.0  X  lO'^"^ 


2.0  X  loll  2.0  X  lO-^l  2.0  X  IqII 

2.0  X  loll  2.0  X  lOll  2.0  X  IqH 

2,0  X  loll  h.'O  X  IQH  2.0  X  loll 

2.0  X  loll  3.0  X  loH  1.3  X  loll 


2.0  X  loll  3^0  X  IqI 
2.0  X  loj-l  3.5  X  loi 
2.0  X  loll  3.0  X  lOl 
2.0  X  loll  ■'  "  ”  '”'1 


2.0  X  loll  5.0  X  loll 
2.0  X  loll  y  loll 
2.0  X  lo:^^  5.0  X  loll 
1.0  X  10-^1  2.0  X  loli 


i.'5  X  lo:^-^  3.0  X  loll 
2.0  X  loll  3.0  X  loll 
2.0  X  IqII  3,0  X  loll 
2.0  X  loll  ^^0  X  lOlO 


2.0  X  loll  l,.0  X  lOl® 
2,'0  X  IqII  5.0  X  Ifll® 
2,'0  X  10 V  5.0  X  lolO 
2.0  X  loll  2,0  X  lolO 


2.0  X 

iqII 

2«0  X 

loio 

h.o  X  10^-^ 

2.0  X 

;i.oii 

2.0  X 

loll 

2.0  X 

loll 

2,0  :k 

2oO  X 

loll 

1,5  X 

loll 

2.0  X  loll 
2.0  X  loll 
2.0  X  loll 

2,0  X  10^-^ 


3o‘0  X 

1.0  X  lolO 

3.0  X  IqII 

2.0  X  lol-i 


1.'5  X  loll  3.0  X  IqI^ 
2.0  X  10.|^  3.0  X  loll 
2.0  X  IqII  3.0  X  lC-^1 
1.5  X  loll  ),.o  X  loi^i 


ijoO  X  iqI'I’ 

Ij.o  X  lolo 

1.0  X  IQIC 


1.0  X  10^-^ 

2.0  X  10|3  1.0  X  loll 
1.5  X  10-^  1.0  X  103" 

1.0  X  10^1  1.0  X  10 11 


7  n  V  Tnil 


Q  f'l 

e.o  >.  ici'i 


3.0  X  10\^ 
3.0  X  IqII 
3.0  X  loll 
5.0  X  IqIO 


1.5  X  rj-- 
2.0  X  10 
2.0  X  IqH 
1.5  X  IqII 


J..0  X  iqII 


GE 

MFP-2 


Laminate 

and  Pattern 

Sample  No*  Number 


1st  cycle 

(S' 

silicone-1 

•  1 

2 

3 

control 

2.0  X  lOll 
2.0  X  lol^ 

2.0  X  10^1 

2.0  X  loll 

3.0  X  loj-l 
3.0  X  lOf-l 
3.0  X  10:^1 
2,5  X  10^^ 

silicone-1 

1 

2 

3 

control 

2.0  X  lOll 

2.'0  X  10-^-^ 

2,'0  X  loH 

1.0  X  10^^ 

3.0  X  lOll 
3.0  X  loll 
3.0  X  lOll 

5.0  X  10' 

cs 

silicone-1 1 

1 

1 

2 

3 

control 

2.'0  X  10^^ 

2;o  X  loll 

1.’5  X  iqH 
1,5  X  loll 

I4.0  X  10^^ 
h.o  X  loll 
h.O  X  loll 
3.0  X  loll 

Insulation  Resistance*  after  (in  ohms’ 


5th  cycle 


7th 

cycle 

1.5 

X 

1.5 

X 

loll 

1,5 

X 

IqXI 

1.0 

X 

loll 

1.5 

X 

loll 

11,5 

X 

loll 

1.5 

X 

loll 

ii.o 

X 

loll 

3.0  X  lo]} 

3.0  X  10-^^ 

3,5'  X  loll 
2.5  X  loll 


2.0  X  loll 
2.0  X  loll 
2.0  X  IqH 
2.0  X  lOll 

2.0  X  loll 

2.0  X  loll 
2.0  X  loll 
1.5  X  iqH 

1.5  X  loll 
1.0  X  iqIi 

2.0  X  IqH 

7.0  X  lolo 

6. 0  X  lO.l^ 
7.0  X  lOi'^ 

**Uk  ucasAtMtt 

8.0  X  IqI^ 
8.0  X  10l° 

8.0  X  lO-^'^ 

5.0  X  iqIo 

h.O  X  ioi° 
h.O  X  10“ 
7.0  X  loij; 

3.0  X  IqI- 

GE 

silicone-2 


OF 

5iliconp-2 


silicone-2 


1 

2 

3 

control 


1 

2 

3 

control 


1 

2 

3 

control 


l.'5  X  10:^:^ 
i.'5  X  IqII 
i;5  X  lo;:^ 

1.5  X  10-^-^ 


li.'O  X  10^^ 
h*0  X  10'"* 

U.O  X  loll 
3.0  X  IqII 


3.0  X  10^^  2,0 
3.0  X  lOll  2,0 
3.0  X  IqII  2.0 


2,'0  X  10^^  ii/O  X  lOll 

2:0  X  loll  3;o  X  10}1 


2.0  X  loll 
2.0  X  IqH 


5.-0  X  10i-:|- 
1.5  X  IqII 


2.0  X  10:; 


TABLE  '/il 

EFFECT  OF  SOLIERING  IRON  TEMPERATURE  VS.  REMOVAL  OF  EPOXY  CONFORMAL  COATING 


Temperature 

Equiv,  millivolts 

Comments  on  coating  removal 

100 

l,9h 

no  softening  of  coating 

150 

3.  hi 

slight  softening 

200 

h;9l 

slight  softening 

250 

6.h2 

medium  softening 

300 

7/9h 

softening-  very  easy  removal 

350 

9.h8 

softening-  very  easy  removal 

IlOO 

11.  C  3 

softening-  very  easy  removal 

li50 

12,57 

softening-  very  easy  removal 
plus  smoking  and  rupture  of 
leads 

0 

0 

ih.i2 

softening-  very  easy  removal 
plus  smoking  and  lifting  of 
leads. 

550 

15. 65 

softening-  very  easy  removal 
plus  smoking  and  lifting  of 
leads. 

600 

17.13 

softening-  very  easy  removal 
plus  smoking  and  lifting  of  leads 
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Solvent  Corrosion  Effect  on  Effect  on  Effect  on  L^aminates 

15'  dip  &  Epoxy  Polyurethanes  Worst  — _ To  —  Best 

air  dry 
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TABLE  TX 


BRMKIDWW  voltages  VSf.  ALTITUIE  OF  COATED  AN  D  UNCOATED  SPECIMENS 


Board 

type 

and 

sample 


GB 

Epoxy 

I 


GF 

Epoxy 

I 


Gap 

spacing 
( inches ) 


o;o22 

0,026 

0.‘062 

to? 

0,2?0 


0.’022 

0.‘026 

o;o62 

o;i2? 

0.2?O 


0.02? 

0;026 

o;o62 

0.12? 

0.2?0 


0'.02? 

0.026 

0.'06? 

0.12? 

0.2?0 


0.'022 

0,'026 

0.'062 

0,12? 

0.2?0 


8 

Breakdown  voltage 
(pattern  1)  j 

cosijiQtri 

uncoated 

3.'0  lOT 

2,0  KV 

3.0  KV 
Wth.  3  KV 
withstood  3 

1. '35  KV 
l.llO  KV 

2. '0?  KV 
3,00  K^V 

KV  -  1  rain. 

2,9  KV 

2.'ii  KV 

2.6  KV 
with,  3  KV 
T’fithstood  3 

1.5  KV 

1.  7  KV 
2,1  KV 
3.0  KV  ■ 
KV  -  1  rain. 

i;9  KV 

1.7  10/ 

2.6  10/ 
with  3  KV 
’.withstood  3 

1.'2  KV 
1.3  KV 
2.1  KV 
3,0  KV 

KV  "  1  iiiin. 

3.0  KV 

3.0  KV 

2.9  KV 
with,  3  KV 
withstood  3 

1,‘6  KV 
l.ii  KV 
1.8  KV 
3,0  KV  ■ 
KV  -  1  min. 

Altitude  -  10 s 000  ft. 


Breakdown  voltage 
(pattern  2) 


with.  3  KV 
3.0  KV 
with.  3  KV 
withstood  3 
withstood  3 


coated 


uncoated 


2.1  KV  1.0  KV 

2.1  KV  1.7  KV 

2.6  KV  2.i|  KV 

withstood  3KV  -In 


3.0  KV 
2.9  KV 
with.  3  IW 
wj-th.  3  KV 


1.6  KV 
1.6  KV 
2,lj  KV 
3,0  KV 


Average  br 
voltag 

aakdO'Wn 

e 

coated 

uncoated 

2.145  KV 
2.05  KV 
2.80  KV 

1 U  3o00  KV 

1.17  KV 
1.5?  KV 
2.20  KV 
~  3.00  KV 

2.5  KV 
2.2  KV 
with.'  3  KV 
with.  3  KV 


3.0  ICV 
2,9  K? 
3,0'  KV 
with.  3  KV 


1.?  KV 
1.7'  KV 
2.1j  KV 
3.0  KV 


1.?  KV 
1,7  KV 
2.0  KV 
3.0  KV 


2,80  KV 


1.55  KV 
1,6?  KV 
2.2?  KV 


1.50  M 
2.25  10/ 
3.00  KV 


with.  3  KV 
with.  3  KV 
3,0  KV 


? 

0.'022 

with.  3  KV 

0.026 

2,7  KV 

0.062 

2.3  KV 

0.12? 

withstood  3  f 

0.250 

withstood  3  f 

l„  k  KV 
1.7  KV 
2..2  KV 


1.2  KV 
1.7  KV 
2.0  KV 


3.0  KV 
3.0  KV 


2.8?  KV 

2.65  KV 


TA3LE  IX  (CONT. ) 


Board; 

type  Gap 
and  spacing 
sampls  (inches) 


0;022 

0.026 

0,062 

o;i2$ 

0.2^0 


0,022 

o;o26 

0.062 

0.125 

0,250 


0.022 

0.026 

0.062 

0.125 

0.250 


0,'022 

o;o26 

o;o62 

0.125 

0,250 


Altitude 


Breakdown  voltage 
(pattern  l) 


Breakdown  voltage 
(pattern  2) 


coated  uncoated  coated  }  uncoated 


1.2  KV 
1.  5  KV 
1,  9  KV 
2.9  KV 
2,90  KV 


3,'0  KV 
2.2  KV 

2,  '6  KV 

3, '0  KV 
3.0  ICV 


3,'0  KV 
2. ‘3  KV 
2. '3  KV 
2,6  KV 
3,0  KV 


1.3  KV 
1.3  KV 
1.9  KV 
2, '2  KV 


1.2  KV 

1.3  KV 
1.7  KV 

2.3  KV 
3.0  KV 


1.'3  KV 
i:h  KV 
l,l4  KV 
2,1  M 
2.3  KV 


1.5 

KV 

1.6 

KV 

2.0 

KV 

2.5 

KV 

3.0 

KV 

2.4 

KV 

2,0 

KV 

2,3 

KV 

2.9 

KV 

with.  5 

1  KV 

1.8  KV 

1.4  KV 

1.9 

2.4  KV 
2.7  KV 


1.3  KV 

1.3  KV 

1.8  KV 

2.3  KV 

2.8  KV 

1.1  KV 

1.2  KV 
1,7  KV 

2.4  KV 
3.0  KV 

1.1  KV 

1.3  KV 

1.5  KV 
2.0  KV 

2.4  KV 


Average  1 
volt^ 

ireakdown 

coated 

uncoated 

2.5  KV 
1.8  KV 

1.25  KV 
1,40  KV 

2,15  KV 
2.50  rv 

1,70  KV 
2.60  KV 
2.65  KV 

1,35  KV 
1.55  KV 

1.95  10/ 
2,70  KV 

2.95  KV 


2,20  KV 
2.10  KV 
2.30  KV 
2,95  KV 


3.0 

1.95  KV 
2,60  KV 

2.95  KV 
3.00  KV 

2.40  KV 
1.80  KV 
2,10  KV 
2,50  KV 
2,85  KV 


1,25  KV 
1,35  KV 
1,80  KV 
2,50  KV 
2,85  KV 


1.30  KV 
1.30  KV 
1,85  KV 

2.25  KV 
2,80  KV 

l.l5  KV 

1.25  KV 
1.70  KV 
2.35  KV 

3,00  KV 


1,20  KV 

1.35  KV 
1,45  KV 
2,05  KV 

2.35  KV 


Table  ii  (bomt.) 


GF 

0.022 

1.'6  KV 

Epoxy 

0/026 

1.1  KV 

I  ' 

0.'062 

1.3  K/ 

0/125 

1.3  iW 

0.250 

1.6  KV 

GE 

0.'022 

1/1  KV 

Epoxy 

0.026 

0.8  K? 

I 

0/062 

1.0  KV 

0.125 

1/5  KV 

0.250 

1.7  KV 

GB 

0/022 

1.5  KV 

Poly 

0.026 

1,2  KV 

0,062 

1.2  KV 

0.125 

1.5  KV 

0.250 

1.7  KV 

PP 

0/022 

1.5  K/V 

Epoxy 

0/026 

1.0  KV 

F 

0.062 

1,2  KV 

0.125 

1/7  KV 

0.250 

1.7  KV 

0/6  M 
0.8  KV 
0.9  KV 
l.ll  KV 
1.6  KV 


0.7  KV 
0.8  KV 
0.'9  KV 
1.2  KV 
1.2  M 


0.7  Ki/ 
0.9  KV 
1.0  KV 
1.3  KV 
I.I4  KV 


0.'8  KV 
0.8  KV 
0.9  KV 
1.2  KV 
2,0  KV 


5 

1  Breakdowi 

voltage  1 

(pattern  2)  | 

coated 

uncoated  || 

1. 5  .07 

0.6  KV 

1.3  KV 

0.7  Kt/ 

1.3  KV 

1.0  KV 

l.ij  KV 

l.ll  ifv  1 

1.8  KV 

1.5  lev 

1/5  KV 

0.7  KV 

1.2  KV 

0.8  10/ 

1.1  Iff 

0/9  icv 

1.3  Ifff 

1.2  KV 

1. 3  -KV 

1.3  KV 

l.lj  KV 

0.7  KV 

1,1  CT 

0.7  KV 

1.3  KV 

0.9  KV 

1.7  KV 

l.lj  KV 

1,8  KV 

l.il  KV 

1.6  IW 

0.7  KV 

I  1,2  KV 

0„7  KV 

0.8  KV 

1.0  KV 

1.7  KV 

1.2  KV 

1.7  KV 

1.5  KV 

0.8  K/ 

1,10  KV 

0.  ?0  KV 

0.7  KV 

0.90  KV 

0,70  KV 

0,9'  KV 

1,05  KV 

C.9C  KV 

1.  3  KV 

1.5  5  KV 

1.30  KV 

1.5  KV 

1.65  KV 

1  3.50  KV 

1.65  KV 

1,15  lOV 

1,20  KV 
1.30  KV 
1,U5  KV 


1,25  KV 
0.95  KV 
1,15  KV 
1.60  KV 
1.75  KV 


1,5  5  KV 
1.20  KV 
1.00  KV 
1.60  KV 
1.70  KV 


0.70  KV 
0.80  KV 
0,90  M 
1,20  KV 
1.25  KV 


0.70  KV 
0,80  KV 
0,95  KV 


Board 

^■ype  0ap 
and  spacing 

sample  (inches) 


Al 

3.itude  -  30^,000  It, 

1 

Breakdown  voltage 

Breakdown  volt  a  ge 

(pattern  X) 

(pattern.  2) 

coated 


PP 

0.022 

1.'3  KV 

PoXy 

0.'026 

1,0  KV 

AA 

0.'062 

l.'O  KV 

0.123 

1.2  KV 

0.230 

l.h  KV 

GE 

T  irtf 

J.  «  _L  11  V 

Epoxy 

o;o26 

0.7  KV 

r 

0,062 

0.'9  KV 

0.123 

1.'2  KV 

0.230 

1,3  KV 

GB 

o';o22 

1,'2  KV 

Epoxy 

0,'026 

l.'O  KV 

F 

oVo62 

0.'9  KV 

0.123 

1.1  KV 

0.230 

1.3  KV 

PE 

0,'022 

1.'6  KV 

Epoxy 

I 

0,'026 

0'.062 

1.2  KV 
1.2  KV 

uncoated 


0*7  KV 
0,'6  KV 
O.'B  KV 
loliCV 

1.3  KV 


0.7  KV 
0,6  KV 
O.'pKV 
1.0  KV 

1.3  KV 


0.6  KV 
0.6  rV 
0.8  KV 

1.1  KV 

1.2  KV 


0,6  KV 
0.6  KV 
0.8  KV 
1,  0  KV 
1.1  KV 


coated 

1.3  KV 
0.9  K? 
1.0  KV 
1.  2  RV 

1.3  KV 


1,  3  KV 
1.0  KV 
1.0  KM 

1.1  KV 
1.6  KV 


1.3  JOV 
1,0  KV 
0.'9  KV 
lo  3  KV 

1.3  KV 


1.2  KV 
1. 0  KV 
1.0  KV 

1.3  KV 
1.6  KV 


1.2  K 
1.0  KV 
1.0  KV 

1,1  KV 

1,1  K 


uncoated 


0.6  KV 
0,7  KV 
0.8  KV 
1.1  KV 
1.1,  KV 


0.3  KV 
0.6  I5V 
0.7  KV 

i;o  KV 

1.2  KV 


0.6  KV 

0.7  n' 

0.9  KV 

1.1  KV 

1.3  KV 


0.6  KV 
0.6  KV 
0,7  10/ 
C.9  rv 

1.1  KV 


breakdown 

¥Oltag6 

coated 

unooated 

1,30  KV 

0,63  KV 

0.93  KV 

0.60  KV 

1.00  KV 

0.80  KV 

1.20  KV 

1,03  KV 

I.I43  KV 

1.20  KV 

1.20  KV 
0,83  KV 
1.00  rv 


1.23  KV 
1.00  KV 
0.'90  KV 
1.20  KV 
1.30  KV 


0,80  KV 
1.20  KV 


0 

0 

KV 

0,60 

KV 

0,80 

KV 

1,00 

KV 

1,23 

KV 

1,23  KV 
1.00  KV 
1.03  KV 
i.l3  KV 
1.15  KV 


0.60  KV 
A  AC  mr 

S.,>  fli  ISkV 

0.83  KV 
1,10  KV 
1.23  KV 

0.60  KV 
0.60  KV 
0.13  KV^ 
0,93  KV 
1,10  M 


r.A.PL.  X 


IMSUUTIOH  RE3ISTAMJX,  I'i'AS’lE:.-:-, 


Laminate 

and 

Sample  No, 


Pattem 

Number 


Insulation  Resistance,  after  (in  ohms’ 


initial  i  Is-t  cycle  1  ^th  cycle 


GE  mechanical 

Epoxy  I  on  stripper  A 
Epoxy  I  stripper  B 
u  control 


GE  mechanical 

poly  GG  on  chemical 
pily  GG  c  control 

u  control 


(S’ (sanded)  stripper  A 
silicone  A  stripper  B 
on  poly  C}G  mechanical 
u  control 


GE  mechanical 

Epoxy  I  on  chemical 
Epoxy  F  c  control 

u  control 


C$l( sanded)  stripper  A 
silicone  A  stripper  B 
on  Epoxy  F  meciianical 
u  control 


S.'O  X  lO;'-'-)  2.0  X 

X  io;i  3.0  X  lo; 

i;5  X  10^-^  1.5'  X  io( 

6,0  X  lo''  3,0  X  10^--^ 


1,^  X  lo}} 
1.-^  X  lo;^ 
1.3  X  10=^^ 
1.0  X  loll 


1.0  X  loP 
3.'0  X 

i;3  X  loll 
1.0  X  IqII 


2.0  X  10-^^ 

2.0  X  IqII 

1.3  X  loH 

C  n 


3*0  X  lOg 
3.0  X  10^ 

3.0  X  lOp 
1.0  X  lO-*! 


2.3 

X 

2.0 

X 

IC^  ! 

2,0 

X 

10?  : 

2,3 

X 

10^^ 

6.0 

y 

6.0 

3.0 

X 

X 

Tr'lO 

icjf; 

2,0 

X 

:io^^ 

1.0 

X 

2.'0 

X 

io}° 

6.0 

X 

lolO 

[1,0 

X 

lolx 

2, '3 

.X 

lO'p- 

2.3 

X 

IqII 

2.3 

X 

lOp 

l.,0 

X 

iqII 

1,0  X  lOp 

6.0  X  10:: 

1.0  X  loll 


4.0  X  IqI^ 
U,0  x.  lOlO 
U.O  X  lOp 
1.0  X  lol° 


6,0 

X 

10^^ 

7.0 

>: 

)4.0 

X 

10? 

1,3 

X 

iqII 

2.0 

x: 

lop 

2.0 

X 

loll 

1,3 

X 

loll 

1.3 

X. 

IqI*^ 

CF  mechanical  1,3  x  i.O"-!'  3,0  x  IqH 

poly  GG  on  chemical  1.’3  x  lOp  2.0  x  10^ 

Epoxy  I  c  control  1.'3  x  lOp  2.0  x  I03I 

u  control  1.0  x  1C-  h.O  x  10^® 


la  5 

X 

11 

:i.o 

le? 

X 

loH- 

1.3 

X 

10"'-^ 

1.3 

X 

iqIO 

8.0 

X 

lolO 

6,0 

X 

3.0 

X 

10 10 

f-a« 

GE(sanded)  stripper  B  1,0  x  lOp  1.0  x  lOp  1,0  x  10^ 


poly  GG  on  mechanics 
poly  GO  stripper 


l.Oxx: 

stripper  A  jl,0  x  a.oH 
u  control  17.0  x  10^ 


,  -.^11 


1.0  X  10( 

l.'C  x.  IC^ 
6.0  X  10-' 


7,0  X 

3.0  X  lolC' 


GB  c  control  1,0  x  10 

Poly  GO  on  mechanical  1.0  x:  10, 


Epoxy  F 


chemical 
u  control 


l.'O  X  10" 


3,0  X  10' 


GB( sanded)  I  stripper  A  1,0  x  10,3 


silicone  A  stripper  B  1,0  x 
on  EPoxy  I  mechanical  1,0  x  lOp 
u  control 


1,0  X  10":^  haO  x  10‘* 
l^O  X  10^-^  1*0  X  IC^ 


loO  X 


1.0  X  10^-^ 
li.O  X  10"- 


3.0  X  10. 

1.0  X.  103.} 
1*0  X  10'^'^ 
3.0  X  10^° 


ii.O  X  i03° 
3.0  y.  :icio 
3.0  X  10.10 
2,0  X  10 10 

3,0  X  lor; 
2.0  X-  lO-'-O 
2.0  X  103“ 
l.G  X  1C'*'0 

3.0  X  lOp 
2.0  X  IQIO 
2,0  X  lOp 
3,0  X  lO-" 

2.0  X  1C3? 

1.3  X  lOp 

1.3  X 

3.0  X  1.0^ 

y  .  ."in 

6*U  X  107^ 
3a 0  X  10^7 
2.0  X  loP 

l.C  X  10 -"0 

5.0  X  io;0 

2,0  X  lOp 

1.0  X.  lOp 

6.0  X  10" 

GB 

Epoxy  F  on 
Poly  GO 


c  control  2/0  x  33 i 
mechanical  2*0  x:  10^ 


chemical 


2;o  X  io.t 


u  control  1  ^,0  x  lO" 


X  IC*- 

2.0  X 

^  1  X 

j-p^  X  -o 

^  1.0  X  10*^^ 


NOTE;  u  control  ~  un^.iated  o:.r 


control 


UNCLA 


IFIED 


UNCLASSIFIED 


